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Manipulation of cellular identity in the laboratory is generally inefficient due to stochastic events, including
epigenomic alterations. Recently in Science, Zuryn et al. (2014) demonstrate that the efficiency of a naturally
occurring transdifferentiation event in Caenorhabditis elegans is ensured through stepwise epigenetic mod-
ifications during specific phases of lineage conversion.The cloning of a frog from a somatic cell
in the last century showed that cellular
identity can be manipulated in the labora-
tory (Gurdon and Byrne, 2003). Since
then, various methods have been devel-
oped to alter cellular identity and convert
differentiated cells into a progenitor or
multipotent cell (dedifferentiation) or into
a different cell type (transdifferentiation)
in processes now collectively termed re-
programming (Graf and Enver, 2009).
However, these strategies are mostly
inefficient, with very few cells in a given
starting population fully converted to the
desired identity. On the other hand,
changes in cellular identity naturally
occur with high efficiency and robust-
ness in some animals, for instance in
insects during metamorphosis and in
vertebrates such as fish and amphibians
during regeneration (Jopling et al., 2011).
Likewise, during the larval development
of Caenorhabditis elegans, a rectal
epithelial cell, Y, dedifferentiates and
then invariantly differentiates to a motor
neuron, PDA (Jarriault et al., 2008).
Recently in Science, Jarriault and col-
leagues demonstrate stepwise mecha-
nisms that maintain the fidelity of this
lineage reprogramming (Zuryn et al.,
2014).
Alteration of the cellular identity
through reprogramming requires epige-
netic changes (Barrero et al., 2010;
Wutz, 2013). This process is thought to
happen stochastically during artificially
induced reprogramming, and this sto-
chasticity is presumably the major reason
underlying low efficiency. Therefore,
elucidation of the epigenetic mechanisms
in naturally occurring invariant repro-
gramming events can provide information
about how to deterministically modifythe epigenetic code during artificial
reprogramming.
In order to unveil the mechanisms that
ensure efficiency of Y-to-PDA cell trans-
differentiation in C. elegans, Zuryn et al.
performed mutational screens to identify
phenotypes that were occasionally, but
not always, defective in transdifferentia-
tion (Td). They identified mutations in
two epigenetic factors: JMJD-3.1 and
SET-1. JMJD-3.1 is an H3K27me2/3 de-
methylase, and SET1 methylates H3K4.
H3K27me2/me3 represses transcription,
whereas methylated H3K4 is associated
with transcriptional activity. These results
suggest that JMJD-3.1-dependent de-
creases in H3K27me3/me2-mediated
transcriptional repression and increased
H3K4-mediated transcriptional activity
by SET1 are necessary for invariant Td
of the Y cell into the PDA cell.
Interestingly, these epigenetic modi-
fiers were found to function during
discrete phases of the reprogramming
process. Td-deficient jmjd-3.1 mutant
worms were found to be defective only
in the redifferentiation stage, whereas
mutations in SET-1 subunits caused de-
fects in both dedifferentiation and rediffer-
entiation. Consistently, set-1 mutants
could be rescued by induction of a wild-
type transgene during both dedifferentia-
tion and redifferentiation stages, whereas
the jmjd-3.1 mutants could be rescued
only during the redifferentiation stage.
Moreover, while SET1 subunits were ex-
pressed throughout Td, JMJD-3.1 was
degraded during the dedifferentiation
phase and reexpressed during differentia-
tion to PDA. Forced expression of JMJD-
3.1 during Y cell dedifferentiation disrup-
ted Td fidelity. Together, these results
indicate that these two epigenetic factorsDevelopmental Cell 30, Seact in a stepwise fashion on histone H3
and that a strict temporal regulation of
these modifications is necessary for effi-
cient Y-to-PDA Td.
To gain a deeper understanding of the
stepwise action of SET-1 and JMJD-3.1
during Td, Zuryn et al. employed a candi-
date approach. They hypothesized that
these two epigenetic factors maintain Td
by interacting with the transcription fac-
tors that drive specific phases of this
process. The authors had previously iden-
tified the Nanog and Oct4 Deacetylase
(NODE)-like complex and UNC-3 to be
important for Td. The NODE complex
functions in the induction and mainte-
nance of cell plasticity, while UNC-3 is
involved in fate determination, including
neuronal differentiation. Therefore, Zuryn
et al. tested whether SET-1 and JMJD-
3.1 physically interact with the NODE-
like complex and UNC-3, respectively.
Indeed, these complexes were coimmu-
noprecipitated with SET-1 and JMJD-
3.1, as predicted. Moreover, mutating
one of the subunits of the NODE-like com-
plex increased the penetrance of defects
associated with the dedifferentiation of Y
cell, with no effect on differentiation to
PDA cell. On the other hand, unc-3 muta-
tions enhanced only the defects associ-
ated with differentiation to PDA. These
results lead the authors to propose a
model in which SET1 interacts with the
NODE-like complex to bring the Y cell to
a plastic state, which in turn is directed
to differentiate into the PDA cell in part
by the JMJD-3.1/UNC-3 complex.
The authors then set out to investigate
the role of SET-1 during PDA redifferentia-
tion. They found that SET-1 could be
coimmunoprecipitated with JMJD-3.1,
indicating that the two complexesptember 29, 2014 ª2014 Elsevier Inc. 641
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Figure 1. Stepwise Actions of Histone H3-Modifying Factors Ensure a Natural
Transdifferentiation Event in C. elegans
The rectal epithelial cell Y is formed in the embryo and transdifferentiates into the motor neuron PDA in the
larvae. The NODE complex and UNC-3 transcription factors induce the plasticity and neurogenesis in the
L1 and L2 larvae, respectively. SET-1-mediated H3K4 methylation during the dedifferentiation poises
the UNC-3 targets for activation. H3K27 demethylation by JMJD-3.1 alongside SET-1-mediated H3K4
methylation activates the UNC-3 targets during the redifferentiation.
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tiation phase when their expression over-
laps. It has been previously postulated in
vertebrate systems that bifunctional
H3K4/K27-modifying complexes resolve
bivalent chromatin domains. These do-
mains contain both the enhancer
H3K4me3 and the repressive H3K27me3
marks and are thought to be poised
for transcriptional activation. Therefore,
based on their observations and those of
others (Lee et al., 2007), Zuryn et al. pro-
pose that SET-1 partners with JMJD-3.1
during the redifferentiation phase to target
these bivalent domains for transcriptional
activation, which in turn mediates differ-
entiation to the motor neuron PDA lineage
(Figure 1). However, this model raises
several important questions. What are
the DNA targets of the SET1/NODE and642 Developmental Cell 30, September 29, 20SET1/JMJD-3.1/UNC-3 complexes, and
what is the pattern of their histone modifi-
cations during Td? Additionally, how are
the expressions of the transcription fac-
tors (NODE complex and UNC-3), and
nuclear degradation of JMJD-3.1, regu-
lated during the distinct phases of Td?
Zuryn et al. (2014) report the exis-
tence of bivalent nucleosomes in an
invertebrate, demonstrating parallelisms
between the molecular mechanisms
underlying naturally occurring transdiffer-
entiation in the worm and artificially
induced reprogramming events in other
organisms (Ang et al., 2011; Mansour
et al., 2012). The authors also provide
solid evidence that stepwise epigenetic
modifications stabilize the changes medi-
ated by transcription factors to ensure
transdifferentiation fidelity and robust-14 ª2014 Elsevier Inc.ness in vivo. It would therefore be inter-
esting to evaluate whether manipulating
SET1 and JMJD-3.1 homologs in mam-
mals would increase the efficiency of
in vivo reprogramming in combination
with transcription factors shown to be
able to induce changes in cellular identity.
At a broader level, this work highlights
the value of using organisms with physio-
logical transdifferentiation capacity as
models to develop efficient strategies for
manipulating mammalian cellular identity,
with potential applications in regenerative
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